Hematoma and perihematomal regions after intracerebral hemorrhage (ICH) are biochemically active environments known to undergo potent oxidizing reactions. We report facile production of bilirubin oxidation products (BOXes) via hemoglobin=Fenton reaction under conditions approximating putative in vivo conditions seen following ICH.
Introduction
Radical processes are well-known in biochemistry and are proposed to occur in living organisms, creating many known disease states. Oxidation of common metabolic products by oxygen, hydrogen peroxide, free iron, and other simple compounds have been widely studied and reported [16, [21] [22] [23] . The nature of these oxidation products is not well understood, even though they may have significant physiological impact and lead to subsequent tissue damage. There is growing interest in the oxidations that occur in intracerebral hematoma after intracerebral hemorrhage (ICH), because there appears to be a compromised region around the hematoma that is refractory to current therapies or even hematoma evacuation [6, 9, 20, 22, 26] .
We previously reported that bilirubin is oxidized in a hemorrhagic medium and in vivo [4, 8, 12, 17] . Bilirubin oxidation products (BOXes), 1-(1,5-dihydropyrrole-2-ylidene) acetamide and related compounds, are small vasoactive molecules with demonstrated clinical importance [17] . They are found in the cerebrospinal fluid of patients who have had hemorrhagic strokes such as subarachnoid and intracerebral hemorrhage. These compounds exhibit biological activity in vivo and in vitro and have been postulated to be a major contributor to cerebral vasospasm, a pathological constriction of arteries. BOXes have been synthesized in vitro by the oxidation of unconjugated bilirubin at room temperature with a large excess of hydrogen peroxide. The conversion of bilirubin to BOXes is associated with a biochemical state that may cause or contribute to pathological sequelae after ICH. In this report, we outline the conversion of unconjugated (free) bilirubin and other relevant compounds to compounds well-known to have physiological and pathological effects. This was achieved using an in vitro system for modeling chemical oxidations, and in vivo using a porcine ICH model. Our results suggest that potent oxidations occur in the hematoma, and that the oxidized products penetrate into the perihematomal region with possible detrimental effects.
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Experimental methods

Reagents and chemicals
All reagents were American Chemical Society grade or better. Chemicals and biomaterials were purchased from Sigma-Aldrich Co. (St. Louis, MO) unless otherwise stated. BOXes were prepared as previously described [4, 8, 12] . Gasses used were technical grade or better. Optical spectra were obtained on a micro-Quant microwell plate reader using ultraviolet transparent 96-well plates. All optical densities (OD) are reported as uncorrected for plate. Aliquots of the reaction mixture were taken directly and read for OD within a short period of time from sampling and analyzed for kinetics data. Reaction mixture consisted of 100 mM solubilized bilirubin, 1 g sodium carbonate, 200 mL deionized water, 1 mg human hemoglobin, mM oxygen, and=or 100 mL of 30% hydrogen peroxide. Figure 1 is a schematic of how the in vitro system was designed. Figures 2A and B show data collected using this reaction system.
Pig surgery and tissue sampling
Animal procedures were approved by the Institutional Animal Care and Use Committee at the University of Cincinnati. Methods to induce ICH have been previously described [18] [19] [20] . Briefly, 3 mL of autologous blood was infused into frontal hemispheric white matter of pentobarbital-anesthetized pigs. Brains were frozen in situ with liquid nitrogen at various time points up to 72 h. Approximately 20 mg of perihematomal, edematous white matter was sampled and homogenized in 200 mL of homogenization buffer, as previously described [11] .
Bilirubin determination
Total bilirubin was assayed using a method based on those developed by Michaelsson et al. [14] and adapted for use in a microtiter plate, as previously described [17] . Briefly, bilirubin in the sample is first treated with a caffeine solution to release all bilirubin moieties, followed by a diazo reagent to yield a colored product. This is then alkalized until the color is in a range that is not overlapping the absorption range of hemoglobin, and the absorption is recorded at 600 nm. Sample absorbance is compared to a concomitantly run standard curve constructed from commercially available bilirubin standard solutions (Wako Chemicals USA, Inc., Richmond, VA) to determine total bilirubin concentrations.
BOXes determination
BOXes were quantified by spectroscopic analysis at 320 nm, as previously described [17] . Chemically prepared BOXes were used to construct a standard curve. Samples were subjected to a chloroform extraction and evaporation, and re-suspended in 0.9% saline for analysis.
Hemoglobin determination
The sample was exposed to Drabkin's reagent (NaHCO 3 :K 3 Fe(CN) 6 : KCN, 100:20:5) in order to convert all hemoglobin moieties into cyanomethemoglobin [5] . A surfactant (Brij-35) was added to prevent protein-or lipid-induced turbidity. Concentration of cyanomethemoglobin is determined by comparison to a standard curve constructed with commercially available lyophilized hemoglobin (Sigma-Aldrich), treated with Drabkin's reagent, and the absorbance read at 540 nm.
Malondialdehyde (MDA) determination
MDA was assessed using a commercially available assay kit from Calbiochem (San Diego, CA). Briefly, MDA reacts with N-methyl-2-phenylindole in acetonitrile and ferric ions to form a colored molecule that has maximum absorbance at 568 nm [5] .
Superoxide dismutase (SOD) assay SOD activity was measured using a commercially available kit (Fluka, St. Louis, MO) according to the manufacturer's instructions. Upon reac- Fig. 1 . Simple oxidization reaction vessel showing in vitro system for modeling the oxidizing environment in porcine hematoma Fig. 2A . A solution of 1 g sodium carbonate, 105 mM solubilized bilirubin, saturating levels of carbon dioxide gas and compressed air, 1 mg human hemoglobin, and 42 mM hydrogen peroxide were allowed to react with constant stirring in an open system. Aliquots of reaction were taken at 0 min (square), 5 min (triangle), 10 min (X), and 30 min (diamond). Optical density was followed in the visible region. The pH of this reaction is 6.8
